BEST AVAILABLE COPY 



(19) 



J 



(12) 



Europasches Patentamt 
European Patent Office 
Off ice eiiropten des brevets (11) EP 0 982 791 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

01.03.2000 Bulletin 2000/09 

(21) Application nunit>er: 99114686.1 

(22) Date of filing: 27.07.1 999 



(51) int a7: HOI P 1/15. H01P 1/202, 
H01 PI/213 



(84) Designated Contracting States: 


(72) Inventor: 


AT BE OH CY DE DK ES R FR GB GR IE IT LI LU 


Atokawa, IVIasayuki, 


nffCNLPTSE 


c^o Intellectual Property Dep. 


Designated Extension States: 


Nagaolcakyo-shi, Kyoto-fu 617-8555 (JP) 


ALLTLVMKROSi 




(30) Priority: 11.08.1998 JP 22704^ 


(74) Representative: 


Schoppe, Fritz, Dipf.-lng. 


Schoppe, Zimmermann & StOckeler 


(71) Applicant: 


Patentanwaite 


Murata ntanufacturing Ca, Ltd. 


POstf^chTI 08 67 


Nagaolcakyo-shi Kyoto-fu 617^8555 (JP) 


81458 lUIQnchen (DE) 



(54) Frequency-variable type filter, duplexer and transceiver 



(57) The Invention provides A frequency-variak>le 
type fitter (1), comprising: a voltage control terminal 
(CONT 1); at least one resonator (4. 5, 6); and a reac- 
tance device capat>le of being controlled by a control 
vottage supplied to the voltage control terminal (CONT 
1); and the frequency-vartat>le type filter (1) being 
served as a first filter utilizing a fundamental resonance 
mode of Itie resonator (4, 5, 6) when a first control volt- 
age is supplied to the voltage control terminal (CONT 
1); whereas the frequency-variable type filter (1) being 
served as a second filter utilizing a higher resonance 
mode of the resonator (4, 5, 6) when a second control 
voltage is supplied to the voltage control terminal 
(C0NT1). 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a frequency- 
variable type filter, a duplexer. and a transceiver, for 
exanrple, which are used in the microwave band. 

2, PescriptiQn of the Related Art] 

[0002] Recently, a mobile-phone terrranal unit having 
a function compatiUe wHh two mobile-phone systems 
by a single mobile phone has been into actual use. As a 
typical one. the Dual-Band System of the GSM (Global 
System for Mobile) and the DCS (Digital Communica- 
tion System) Is known. 

[0003] As a filter used in this kind of mobile-phone ter- 
minal unit, a dielectric filter has been prcvkled in Japa- 
nese Unexamined Patent Publication No. 9-8505. In the 
dielectric filter, a fundamental resonance mode and a 
higher resonance mode of a A/A coaxial resonator are 
used. Fbr example, a filter has a filter characteristic 
passing (or attenuating) signals in the 900 MHz band 
with a fundamental resonance mode and a filter charac- 
teristic passing (or attenuating) signals in the 1 800 MHz 
band with a tertiary resonance mode. If the fitter has a 
step structure in which the inner-conductor diameter 
and the outer-conductor size of a cfielectric resonator 
are different between the open-end side and the short- 
circuited-end side, the frequency of the tertiary reso- 
nance mode is not necessarily required to be set to be 
a frequency of three times the frequency of the funda- 
mental resonance mode. 

[COM] However, since tiie atx)ve-mentioned mobile- 
phone terminal unit has a one-output / one-input sys- 
tem, both the filter characteristic using a fundamental 
resonance mode and the filter characteristic using a ter- 
tiary resonance mode can be simultaneously ok>tained. 
Thus, fbr example, when the filter is used in a mobile- 
phone terminal unit compatible with the Dual-Band Sys- 
tem of the GSM system and the DCS system, even if 
only ttie signals of tiie GSM system in tiie 900 MHz 
k>and are allowed to pass and the signals of the other 
frequencies are expected to be attenuated, the signals 
of the DCS system in the 1800 MHz band simultane- 
ously pass, too. 

[0005] In order to prevent tiiis. it is possible to sepa- 
rately produce a filter compatible with the GSM system 
and a filter compatible with the DCS system and com- 
bine ttie two filters by electrically connecting. This case, 
however, creates a new problem in which tiie size of the 
filter is Increased. 

SUMMARY OF THE INVENTION 

[0006] To overcome the above desaibed problems. 



tiie present invention provides a frequency-variable 
type filter, a diqile)^, and a transceiver, compatible with 
tiie Dual-Band System and allowing signals of one sys- 
tem and signals of the other system to pass or to be 

5 attenuated independentiy. 

[QO071 The present invention provides a frequency- 
variable type filter, a duplexer. and a transceiver, 
respectively comprising: a voltage cont'd terminal; at 
least one resonator: and a reactance device capable of 

10 being controlled by a control voltage supplied to tiie volt- 
age control terminal; and the frequency-variable type fil- 
ter being served as a first filter utilizing a fundamental 
resonance mode of the resonator when a first control 
voltage is supplied to the voltage control terminat; 

15 whereas the frequency-variable type filter being served 
as a second filter utilizing a higher resonance mode of 
the resonator when a second control voltage is supplied 
to the voltage control terminal. 
[0008] In the atxsve case, the first filter and the second 

20 filter are a band pass filter, a band block fitter, or the like. 
As tiie reactance device, a PIN diode, a variable capac- 
itance diode, or the like, is used. As for the resonator, a 
dielectric resonator is used. More specifically, fbr exam- 
ple, tiie resonator is electrically connected to a PIN 

25 diode through either an inductor or a capacitor, in which 
a positive voltage is adopted as the first contiol voltage 
and 0 V or a negative voltage is adopted as the second 
control voltage. Or 0 V or a negative voltage is adopted 
as tiie first control voltage, and a positive voltage is 

30 adopted as tiie second control voltage. 

[0009] In the anangement described above, fbr exam- 
ple, when the first and second filters are k>and pass fil- 
ters, in the case in wNch the first control voltage is 
supplied to tiie voltage confrol terminal, only the signals 

35 of a fundamental resonance mode of the resonator pass 
tiirough the filter and the signals of a higher resonance 
mode are attenuated, so that tiie first filter serves as a 
band pass filter using a fundamental resonance mode. 
Meanwhile, when tiie second confrol voltage is supplied 

40 to the voltage contol terminal, only the signals off a 
higher resonance mode of the resonator pass through 
the filter and the signals of a fundamental resonance 
mode are attenuated, so that the second filter serves as 
a band pass filter using a higher resonance mode. In 

45 this way. by changing a control voltage to be supplied to 
the voltage control terminal, the signals of a fundamen- 
tal resonance mode and tiie signals of a higher reso- 
nance mode are allowed to independently pass. 
[0010] Furthermore, a duplexer and a transceiver 

50 according to the present invention include one of the 
frequency-variable filters having the aforementioned 
features, whereby miniaturization and weight reduction 
can be achieved. 

[001 1 ] A description will be given of the embodiments 
55 of a frequency-variat)le type filter, a duplexer, and a 
transceiver according to the present invention referring 
to the attached drawings. 
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BRIED DESCRIPTION OF DRAWINGS 
[0012] 

Rg. 1 is an electric circuit diagram of a first embod- s 
iment of a frequency*variable type filter according 
to the present invention. 

Rg. 2 is a sectional view of an example of a resona- 
ta used in the frequency-variable type filter shown 
inRg. 1. io 
Rg. 3 is a filter-characteristic illustration chart of the 
frequency-variable type filter shown in Rg. 1. 
Rg. 4 is an electric drcurt diagram of a second 
enixxJiment of the frequency-variat>le type filter 
according to the present invention. is 
Fig. 5 is a k)lock diagram of an embodiment of a 
duplexer according to the present invention. 
Rg. 6 is a block diagram of an embodiment of a 
transceiver according to the present invention. 
Rg. 7 is a filter-characteristic illustration chart of 20 
another embodiment 

PESCRIPTIQN QF THE EMBQPIMENTS 

[Rrst Embodiment, Rg. 1 through Fig. 3] 2s 

[0013] Fig. 1 shows a circuit structure of a frequency- 
variable-type band pass filter 1 . The frequency-variable- 
type band pass filter 1 includes three coupled reso- 
nance circuits, in which a resonator 4, a resonator 5. so 
and a resonator 5 are electrically connected through 
coupling capacitors C1 1 and C12, respectively. The res- 
onator 4 is electrically connected to an outer terminal 2 
through a coupling capacitor CIO and the resonator 6 is 
electrically connected to an outer terminal 3 through a 35 
coupling capacitor C13. 

[0014] One end of the resonator 4 is grounded to a 
ground, and the other end is electrically connected to a 
series drcurt induding a band-varying capadtor C7 and 
a PIN diode D4 as a reactance device in parallel with 40 
respect to the resonator 4, with the cathode of the PIN 
diode 04 being grounded. One end of the resonator 5 is 
grounded to a ground, and tiie other end is electrically 
connected to a series drcurt including a band-varying 
capadtor C8 and a PIN diode 05 in parallel with respect 45 
to the resonator 5. with the cathode of ttie PIN diode 05 
being grounded. One end of the resonator 6 is 
grounded to a ground, and the other end is electrically 
connected to a series drcuit including a band-varying 
capadtor C9 and a P IN diode 06 in parallel with respect so 
to the resonator 6, witii the cathode of the PIN diode 06 
being grounded. 

[001 SI A voltage control terminal CONT1 is electrically 
connected to the Intermediate junction between the 
anode of tiie PIN diode 04 and the band-varying capac- 55 
itor C7 through a control-voltage supplying resistor R15, 
a capacitor CI 5, and a chalk coil L4, whereas it Is elec- 
trically connected to tiie intermediate junction between 



tiie anode of the PIN dkxie D5 and the band-varying 
capacitor C8 through the control-voltage supplying 
resistor R15. the capacitor CI 5, and a chalk coil 15. 
Furttiemrore, the voltage control terminal C0NT1 is 
electrically connected to tfie intermediate junction 
between the anode of the PIN diode 06 and tiie band- 
varying capacitor C9 through the control-voltage sup- 
plying resistor R15. the capacitor C15. and a chalk coil 
L6. 

[Q016] In addition, as for the resonators 4 tiirough 6, 
for example, as shown in Rg. 2. }J4 coaxial dielectric 
resonators are used. Rg. 2 shows ttie resonator 4 as a 
typical one. The dielectric resonators 4 through 6 are 
formed k>y a tube-shaped dielectric member 21 made of 
a high dielectric-constant material such as the Ti02- 
based ceramic, an outer conductor 22 disposed on the 
outer periphery of the tut>e-shaped dielectric member 
21, and an inner conductor 23 disposed on the inner 
periphery of the tube-shaped dielectric member 21 . The 
outer conductor 22 is electrically open with respect to 
(separated from) the inner conductor 23 at an opening- 
end face 21a of the dielectric member 21 (hereinafter 
referred to as an open-skte end face 21 a), whereas it is 
electrically short-drcu'rted (conducted) with respect to 
the inner conductor 23 at the otiier opening-end face 
21b (hereinafter referred to as a short-circuited-side end 
face 21 b). In the dielectric resonator 4. at the open-side 
end face 21a of the dielectric resonator 2. the series cir- 
cuit induding the band-varying capacitor C7 and tiie 
PIN diode 04 is electrically connected in such a manner 
that an end of the t^and-varying capacitor C7 is con- 
nected to the inner conductor 23. whereas the cathode 
of the PIN diode 04 is grounded to a ground, and at tiie 
short-circuited-side end lace 21b, the outer conductor 
22 is grounded to a ground. 

[0017] A passing frequency of a fOter 1 is determined 
by each resonance frequency of tiie resonance system 
composed of the band-varying capacitor C7 and the 
resonator 4. the resonance system composed of the 
band-varying capacitor C8 and the resonator 5, and tiie 
resonance system composed of the band-varying 
capacitor C9 and the resonator 6. In other words, tiie 
impedance values and Inductance values of the resona- 
tors 4 tiirough 6 and the capacitance values of the 
band-varying capacitors C7 through C9 are set to be 
able to use the fitter 1 with a fundamental resonance 
mode and with a higher resonance mode (a tertiary res- 
onance mode in the case of the first emtxKliment). 
[0018] When a positive voltage as a contrd voltage is 
applied to the voltage control terminal C0NT1 , the PIN 
diodes 04 through 06 are in the ON-state. As a result, 
the k>and-varying capacitors C7 through C9 are respec- 
tively grounded tiirough the PIN diodes 04 tiirough 06 
and the passing frequendes of the fundamental reso- 
nance mode and the tertiary resonance mode of the f 0- 
ter 1 are respectively lowered. In contrast, when a 
negative voltage as a control voltage is applied, tiie PIN 
diodes 04 through 06 are in the OFF-stata Instead of 
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applying a negative voltage, a control circuit for supply- 
ing a control voltage to the voltage control terminal 
CONT1 may be set to have high impedance of 100 KO 
or more so that no voltage is not applied to the voltage 
control terminal COhH'l . wher^ the control voltage is 
0 V. so that the PIN diodes D4 through D6 can be in the 
OFF-stat& This permits the band-varying capacitors C7 
through C9 to be in the open-state and the passing fre- 
quencies of the fundamental resonance mode and terti- 
ary resonance mode of the fBter 1 are heightened. 
Therefore, the filter 1 can have two cfifferent pass barris 
by grounding or opening the band-varying capacitors 
C7 through C9. 

[001 9] Meanwhile, a recepticHi frequency assigned to 
the GSM system, as shown in Rg. 3, is in a range of 935 
through 960 MHz (the center frequency = 947.5 MHz), 
and a reception frequency assigned to the DCS system 
Is in a range of 1805 through 1880 MHz (the center fre- 
quency = 1842.5 MHz). When a positive voltage is 
applied to the voltage control terminal CONT1 and the 
PIN diodes D4 through D6 are in the ON-state so that 
the passing frequencies of the fundamental resonance 
mode and the tertiary resonance mode of the filter 1 are 
lowered, the resonance frequency of the resonance 
systems including the resonators 4 through 6 of a fun- 
damental resonance mode Is set to be equal to the 
reception frequency of the GSM system (cf. the solid 
line shown in Rg. 3). In this case, the resonance fre- 
quency of the resonance systems including the resona- 
tors 4 through 6 of a tertiary resonance mode is set to 
be slightly tower than the reception frequency of the 
DCS system. Such a setting is conducted by changing 
the impedance values and inductance values of the res- 
onators 4 through 6 and the capacitance values of the 
band-varying capacitors 07 through 09 as required. 
With this arrangement, the filter 1 can be a band pass 
filter using a fundamental resonance mode of the reso- 
nators 4 through 6 to allow the reception frequency of 
the GSM system to pass. In contrast the signals of the 
tertiary resonance mode (the reception signals of the 
DCS system) are attenuated. 
[0020] When a negative voltage is applied to the volt- 
age control terminal CONT1 and the PIN diodes D4 
through D6 are in the OFF-state so that the passing fre- 
quencies of the fundamental resonance mode and the 
tertiary resonance mode of the filter 1 are heightened, 
the resonance frequency of the resonance systems 
including the resonance systems including the resona- 
tors 4 through 6 of a tertiary resonance mode is set to 
be equal to the reception frequency of the DCS system, 
whereas the resonance frequency of the resonance 
systems including the resonators 4 through 6 of a fun- 
damental resonance mode is slightly higher than the 
reception frequency of the GSM system (cf. the dot-line 
shown in Rg. 3). Therefore, the filter 1 can be a t>and 
pass filter using the tertiary resonance mode of the res- 
onators 4 through 6 to allow the reception frequency of 
the DCS system to pass. In contrast, the signals of the 



fundamental resonance mode (the reception signals of 
the GSM sy^em) are attenuated. 
[0021 ] In ths way, by switching the GSM system and 
the DCS syst^ corresponding to the changing of a 
5 control voltage to be supplied to the voltage control ter- 
minal C0NT1 , the reception signals of the GSM system 
arxJ the reception signals of the DCS system can be 
allowed to independently pass. 



[0O22] Rg. 4 shows a circuit structure of a frequency- 
variable-type band block filter 31. The frequency-varia- 
ble-type Ijand block filter 31 is formed by coupling two 
stages of resonance circuits between outer terminals 32 
and 33. In other words, a series resonance circuit com- 
posed of a resonator 34 and a resonance capacitor 034 
is electrically connected to a series resonance circuit 
composed cf a resonator 35 and a resonance capacitor 

035 through a coupling coil LI. The resonance capaci- 
tors 034 and 035 are capacitors determining the mag- 
nitude of block-band attenuation. In addition, with these 
two series resonance circuits, capacitors 038 and 039 
are electrically connected in parallel. 

[0023] A variable capacitance diode D32 as a reac- 
tance device, whose anode being grounded, is electri- 
cally connected to the intermediate junction between 
the resonator 34 and the resonance capacitor 034 
through a band-varying capacitor 036 in parallel with 
respect to the resonator 34. A variak>le capacitance 
diode D33. whose anode being grounded, is electrically 
connected to the intermediate junction between the res- 
onator 35 and the resonance capacitor 0 35 through a 
band-varying capacitor 037 in parallel with respect to 
the resonator 35. The t>and-varying capacitors 037 and 

036 are capacitors for changing two attenuation-pole 
frequencies of attenuation characteristic, respectively. 
[0024] The voltage control terminal CONT1 is electri- 
cally connected to the intermediate junction between 
the cathode of the variable capacitance diode D^Z and 
the band-varying capacitor 036 through a control volt- 
age supplying resistor R32. a capacitor 032, and a 
chalk coil 12, and is electrically connected to the inter- 
mediate junction between the cathode of the variable 
capacitance diode D33 and the t:>and-varying capacitor 

037 through the control voltage supplying resistor R32, 
the capadtor 032. and a chalk coil L3. 

[0025] The trap t>and of the filter 31 is determined by 
each resonance frequency of the resonance system 
composed of the band-varying capacitor 036. the reso- 
nance capacitor 034. and the resonator 34 and the res- 
onance system conposed of the band-varying 
capacitor 037. the resonance capacitor 035. and the 
resonator 35. In other words, the impedance values and 
inductance values of the resonators 34 and 35, and the 
capacitance values of the band-varying capacitors 036 
and 037 are set in such a manner that the filter 31 can 
be used both with a fundamental resonance mode and 



10 [Second Emtxxfiment Rg. 4] 
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a higher resonance mode (a tertiary resonance mode in 
the case of the second embodiment). 
[0026] Wh&i a positive vottage as a control voltage \s 
applied to the vottage control termir^ C0IMT1 . the vari- 
at)le capacitance diodes D32 and D33 are in the ON- 
state. As a result the band-varying capacitors C36 and 
C37 are r^ectively grounded through the varial)le 
capacitance cfiodes D32 and D33. whereby the passing 
frequencies of the fundamental resonance mode and 
the tertiary resonance mode of the fitter 31 are respec- 
tively lowered. In contrast, when a negative voltage as a 
control voltage is applied, the variable capacitance 
diodes D32 and D33 are in the OFF-stata This permits 
the barxJ-varytng capacitors C36 and C37 to be in the 
open-state and thereby the passing frequencies of the 
fundamental resonance mode and the tertiary reso- 
nance mode of the filter 31 are heightened. 
[0027] Therefore, the fDter 31 can have two different 
trap bands by grounding or opening the t)and-varying 
capacitors C36 and C37. Accordingly, the tater 31 can 
independently trap the signals of the two communica- 
tion systems by switching the two communication sys- 
tems con-esponding to the changing of the control 
voltage to be supplied to the voltage control terminal 
C0NT1 , as in the case of the filter 1 of the first embodi- 
ment. 

[Third Embodiment, Fig. 5] 

[0028] A third embodiment shows a duplexer (an 
antenna duplexer) according to the present Invention. 
As shown in Rg. 5. In the duplexer 41 , a transmission fil- 
ter 42 Is electrically connected between a transmission 
terminal Tx £md an antenna terminal ANT, and a recep- 
tion filter 43 is electrically connected between a recep- 
tion terminal Rx and the antenna terminal ANT. In this 
arrangement as the transmission filter 42 and the 
reception filter 43, the frequency-variat)le type filter 1 or 
31 of the first or second embodiment can be used. 
Mounting of the filter 1 or 31 permits the duplexer 41 to 
be compatible with the Dual-Band System, so that the 
duplexer 41 . In which the signals of one system and the 
signals of the other system are allowed to pass inde- 
pendently, can be obtained. 

[Fourth Embodiment, Fig. 6] 

[0029] A fourth embodiment shows a transceiver 
according to the present invention, in which a descrip- 
tion will be given by taking an example of a mobile 
phone. Fig. 6 is an electric-circuit k)lock diagram of the 
RF transmission / reception section of a mobile phone 
50. In Fig. 6, 51 is an antenna device. 52 is an antenna 
duplexer, 53 is a reception circuit, and 54 is a transmis- 
sion circuit. In this case, as the antenna duplexer 52, the 
duplexer 41 of the third embodiment can be used. 
Mounting of the duplexer 41 can enhance communica- 
tion quality such as noise characteristics of the mobile 



phone 50. 

[Oth^ Embodiments] 

5 [0030] The frequency-variable type filter, the duplexer, 
and the transceiver according to the present inventfon 
should not be limited to those of the embedments 
above descrfoed. and various modifications can be con- 
ducted In the range of the scope and the spirits of the 

10 invention. Specifically, in the frequency-variable-type 
band pass filter 1 of the first enrtxxJiment when a posi- 
tive voltage is applied to the voltage control terminal 
C0NT1 and the passing frequencies of a fundamental 
resonance mode and a tertiary resonance mode of tiie 

15 fDter 1 are lowered, the resonance frequency of the res- 
onance system inducfing the resonators 4 through 6 of 
the tertiary resonance mode may be set to be equal to 
the reception frequency of the DCS system (cf. ttie solid 
line shown in Rg. 7). in this case, the resonance fre- 

20 quency of the resonance system including the resona- 
tors 4 through 6 of a fundamental resonance vno6B is 
set to be slightly lower than the reception frequency of 
the GSM system. In tills arrangement, the filter 1 can be 
a band pass filter using tiie tertiary resonance mode of 

25 the resonators 4 tiirough 6 to allow the reception fre- 
quency of the DCS system to pass. In contrast the sig- 
nals of the fundamental resonance mode (the reception 
signals of the GSM system) are attenuated. 
[0031 ] Additionally, when a negative voltage is applied 

30 to the voltage control terminal C0NT1 and the passing 
frequencies of a fundamental resonance mode and a 
tertiary resonance mode of the filter 1 are heightened, 
tiie resonance frequency of the resonance system 
including the resonators 4 through 6 of the fundamental 

35 resonance nruxJe and the reception frequency of tiie 
GSM system are equal ; and the resonance frequency of 
tiie resonance system including tiie resonators 4 
tiirough 6 of a tertiary resonance mode is slightly higher 
than the reception frequency of the DCS system (cf. tiie 

40 dot-line shown in Rg. 7). In ttiis arrangement the filter 1 
can be a band pass filter using the fundamental reso- 
nance mode of the resonators 4 through 6 to allow tiie 
reception frequency of the GSM system to pass. In con- 
trast the signals of the tertiary resonance mode (tiie 

45 reception signals of the DCS system) are attenuated. 
[0032] As described above, according to tiie present 
invention, signals of the two communication systems 
are allowed to pass or to be attenuated by using a fun- 
damental resonance mode and a higher resonance 

50 made of a resonator to switch the two communication 
systems corresponding to the changing of a control volt- 
age to be supplied to a voltage control terminal. 

Claims 

55 

1 . A frequency-variable type filter (1 ; 31). comprising: 
a voltage control terminal (CONT 1); 
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at least one resonator (4. 5. 6; 34, 35); and 
a reactance device capable of being controlled 
by a control voltage supplied to the voltage 
control terminal (CXDNT 1); and 
the frequency-variable type fOter (1 ; 31) being s 
served as a first filter utilizing a fundamental 
resonance mode of the resonator (4. 5. 6; 34, 
35) when a first control voltage is supplied to 
the voltage control terminal (CONT 1); whereas 
the frequency-variable type filter (1; 31) being io 
served as a second f flter utilizing a higher reso- 
nance mode of the resonator (4, 5. 6; 34. 35) 
when a second oonfrd voltage is supplied to 
the voltage control terminal (CONT 1). 

15 

2. The frequency-variable type fitter (1) acoording to 
Claim 1, wherein the reactance device is a PIN 
diode (D4, D5. D6). 

3. The frequency-variable type filter (31 ) acoording to 20 
Claim 1 . wherein the reactance device is a variable 
capacitance diode (D32; D33). 

4. The frequency-variable type filter (1) according to 
Gaim 2. wherein the resonator (4, 5, 6) is electri- 2S 
cally connected to the PIN diode (D4. D5. D6) 
through either an inductor or a capacitor (C7, C8, 
C9); the first control voltage is a positive voltage; 
and the second control voltage is 0 V or a negative 
voltage. so 

5. The frequency-variable type filter (1) according to 
Claim 2. wherein the resonator (4, 5, 6) is electri- 
cally connected to the PIN diode (D4, D5. D6) 
through either an inductor or a capacitor (C7, C8, 3S 
C9); the first oonfrol voltage is 0 V or a negative 
voltage; and the second oonfrol voltage is a positive 
voltage. 

6. The frequency-variable type filter (1 ; 31 ) acoording 40 
to one of Claim 1 to Claim 5, wherein the resonator 

(4. 5. 6; 34. 35) is a dielectric resonator. 

7. A duplexer (41) comprising the frequency-variable 
type filter (1 ; 31) of one of Gaim 1 to Gaim 6. 4S 

8. A transceiver (50) comprising the frequency-varia- 
ble type filter (1 ; 31) of one of Claim 1 to Gaim 6. or 
the duplexer (41) of Claim 7. 

so 
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